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Consideringthe prospectf usingthe W-Na target assembliesn ADS facilities, the experimentswere madeto
studythe nuclearphysicscharacteristicef W andNa, andthe compositestructureghereofin their interactionswith
0.8-GeVand1.6-GeVprotons.Theneutronandproton-inducedeactionratesweremeasurednside,andonthesurface
of, acylinder-shapedeterogeneoud/-Naassemblyogethemwith thedouble-diferentialspectraof secondaryeutrons
emittedfrom different-depthWV andNa discs. The measuremenesultsweresimulatedby the LAHET, CEM2k, and
KASKAD-S codesn termsof the latestversionsof nucleardatabases.

KEYWORDS: proton irradiation, neutron spectra, reaction rates, spallation, ssimulation codes.

I. Introduction

Tungstenis regardedas belongingto the mostpromising
classof targetmaterialsn the present-dagonceptuatiesigns
of ADS facilities. Tungstens sufiiciently easyto handlejs of
a high density shavs the desiredsetof nuclearphysicschar
acteristicsand doesnot exhibit chemicalreactvity andbio-
logical toxicity (contraryto PbandHg).

At thesametime, theactualtargetdesigngncludenotonly
theneutronsourcesnadeof heary materials put alsoheatex-
changerswvith coolants.Nais oftenproposedo beacoolant,
consideringhatthe Na-basedechnologiediave beenstudied
quite properly Besides,Na canalso be usedin the hetero-
geneoudargetdesignsto level the enegy depositwithin the
targetvolume.

In view of the above, accumulatiorand estimationof the
microscopicandgroupnuclearconstantgor thesaidmaterials
andfor theassembliethereothave becomeurgent.Bearingin
mindthatthetargetstructuresarevery complicatecandcanbe
subjecto amplealterationsthe computationamethodsased
onthelatestsimulationcodesandnucleardatabasesanonly
be usedfor that purpose. On the other hand,as mentioned
repeatedlyin the relevant publications(seé) , for instance),
thepresent-dayodesareoftendevoid of the predictive power
requiredby theactualADS facility designs.

A necessityhasarisen,therefore for the simulationcodes
to betestecdby theresultsof experimentingwith theprototypes
of thetarget partsandunits. It shouldnot be forgotteneither
thatthe saidexperimentalresultscan,andcertainlymust,be
usedasindependentuclearconstantsThe presentvork de-
scribestwo groupsof the experimentsnamely

¢ studyingthe thresholdreactionratesinside, and on the
surfaceof, a0.8 GeV proton-irradiatedamellatehetero-
geneoudV-Natamet;
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e measuringthe double-diferential neutronspectrafrom
0.8 GeV and 1.6 GeV proton-irradiatedVV and Na tar
gets.

The experimentakesultsweresimulatedby the LAHET code
(in both cases)by the KASKAD-S code(the thresholdreac-
tion rates),andby the CEM2k code(the neutronspectra).

[I. Experiment

The experimentswere madewith the ITEP U-10 proton
synchrotrorbeamsof 7.2:10'° p/pulse(thereactionrates)and
~1-10° p/pulse(the secondaryneutronspectrajntensities.

The generalexperimentaldesignof measuringthe reac-
tion rateshasbeendescribedn? . The measurementwere
madeby the gamma-spectrometmethodusing 142 exper
imental samplesof thirteensingle-isotopeand high isotopic
enrichedmaterials(*2C, 1°F, 27Al, 5°Co, %3Cu, %5Cu, 4Zn,
93Nb, 15In, 169Tm, 181 Tq, 197 Au, and2°°Bi). The0.03-2.1
glcn? disc-shapedsampleswere placedat 84 pointsinside,
andon the surfaceof, a heterogeneou¥/-Na assembly The
continuousirradiationtime was 10 hours,with a 6.510'* in-
tegral protonfluence. After the irradiation,the samplesvere
gamma-spectrometeragsing the GC2518Ge detectorof a
1.8 keV resolutionin the 1332keV gamma-line. The resul-
tantgamma-spectraereprocessethy the GENIE2000code.
Thesecondarnnuclidewereidentifiedby the ITEP-developed
SIGMA codeusingthe PCNUDAT database.

Thedouble-diferentialspectraof secondaryeutronsvere
measuredby the techniqued using a TOF spectrometer
The neutronswere recordedwith the BICRON 5MAB1F
D12.7*L15.2cmdetectorsbasedon BC501 liquid scintilla-
tor. The projectile proton enegies were 0.8 GeV and 1.6
GeV, the neutronsweredetectecat 30°, 60°, 90°, 12(°, and
15(°. Thegamma-backgroundasdiscriminatedy thepulse
shape. The absoluteneutrondetectionefficiency was calcu-
latedby the SCINFUL® andCECIL® codes.



[11. Computational simulation and comparison

with experimental data

The experimentaldatawere simulatedby the LSC code
systen? using the LAHET code (in both cases), the
KASKAD-S codé’ (thresholdreactionrates) andthe CEM2k
codé (neutronspectra). The simulationtechniquesare de-
scribedin detailin? .

The resultsof comparingbetweenthe experimentaland
simulateddataarepresentedn Figs. 1-3 (reactionrates)and
4-5(secondanneutronspectra).The meansquaredieviation
factor<F> wasusedasacriterionfor agreemenibetweerthe
calculatedandexperimentakeactionrates.

Besidethe comparisorbetweerthe experimentalandsim-
ulatedresultsof the presentvork, Fig. 5 showvs theresultsof
work? , which is the only work thatadmitsa straightforvard
comparisorwith our data.

IV. Conclusions

Theexperimentadataandtheresultsof testingthesimula-
tion codeshave permittedthefollowing conclusions:

e mary of the measuredeactionscannotbe reproduced
by simulationin termsof the present-daycrosssection
libraries(MENDL2 andMENDL2P) becausef theirre-
strictedenegy rangé? (E,,<100MeV, E,<200MeV);

o theresultsobtainedndicatethatthe cumulatingeffectin
the high-enegy neutronreactionshasto beallowedfor;

o thestudiedreactionratesinside,andon the surfaceof, a
heterogeneoud/-Na targetindicatethatthe codesbased
on Monte-Carlo techniques(e.g., LAHET) are much
more promisingcomparedwith the codesbasedon the
discrete-ordinatalgorithm(e.g.,KASKAD-S);

e theoreticalmodelsfor separatinghe secondaryproduct
yields betweenthe isomeric stateshave urgently to be
constructedvith aview to updatingthesimulationcodes;
the absenceof sucha model preventsfrom a reliable
simulation-to-&perimentalcomparisorfor a numberof
reactiong!15In(n,p)159Cd, for instance);

o thequality of the calculatedreproductiorof the double-
differentialspectraof secondaryeutronss muchhigher
in thecaseof W comparedvith Na, thefactthatcanqual-
itatively be explainedby the dravbacksof the present-
daytheoreticaimodelsfor reactionswith small-massu-
clei atintermediateandhigh enegies;

e additionalmeasurementsf the space-engy character
istics of secondaryneutronsseemso be urgentbecause
the availabledataare scantyandprecludeary final con-
clusion concerningthe reasondor the discrepanciesn
the experimentalresults of the given type; moreover,
a nucleardatabasehat could have beensafely usedin
practiceis impossibleto compile usingthe present-day
experimentadata.
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